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ABSTRACT 

The widely used engineering construction materials such as fiber and laminated composite materials are usually 
under the thermomechanical forces and undergoes thermoplastic deformations. These composites may be considered as a 
transversely isotropic or orthotropic materials. In this paper, the plasticity constitutive relations for isotropic and 
transversely isotropy materials proposed in [33]are developed taking into account the temperature and written up the strain 
and stress space thermoplasticity constitutive relations for aforementioned materials. For simplicity, thermoplasticity 
theories are restricted to a small deformations. The usefulness and privileges of the strain space thermoplasticity 
constitutive relations for the formulation the coupled thermomechanical boundary value problems are discussed. 
It is found that the strain space thermoplasticity constitutive relations are more convenient for numerical solution of the 
coupled thermoplasticity boundary value problems as compared to stress space theory. 
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1. INTRODUCTION 

Despite the advances made in the theory of plasticity and thermoplasticity for small and large deformations, 
the construction of adequate constitutive relations for isotropic and anisotropic materials remains relevant. 
The investigation of the plastic deformations of transversely isotropic materials under the thermomechanical forces is 
important in analyzing the material structures. It is well known that fiber and laminated composites may be 
considered as a transversely isotropic or orthotropic materials. In recent years, in conjunction with the development of 
composite materials, researchers have proposed various types of plasticity theories for fiber reinforced, laminated and 
other composite materials. Aboudi [1] proposed the thermomechanical continuum theory for the prediction of the 
average behavior of unidirectional fiber reinforced graphite-aluminum composite under various types of mechanical 
and thermal changes. It should be noted that the theory of plasticity for orthotropic bodies was first proposed by Hill 
[2]. For fiber reinforced composites, Dvorak and Bahei-EL-Din [3] proposed the constitutive relation for transversely 
isotropic materials. Constitutive relations of inelasticity for anisotropic materials based on tensor function 
representations was considered in Boehler and Sawczuk [4], Murakami and Sawczuk [5] and Pobedria [6]. 
In the literature, there are many works on the thermoplasticity constitutive relations for isotropic, anisotropic and 
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fiber reinforced composite materials; see [6-13]. Kawai et al. [8] considered a phenomenological thermoviscoplastic model 
for investigating the stress-strain field in carbon/epoxy composites at high temperatures. Thermoplasticity theories at finite 
strains are proposed by Green and Naghdi [14], Casey [15] and Miehe [16]. Ulz [17] used a Green-Naghdi’s approach [14] 
for modeling the anisotropic thermoplasticity constitutive relations in the logarithmic Lagrangian strain-entropy space at 
finite strains. Thermoplastic constitutive laws for concrete and rocks are considered in[10] and [18]. A comprehensive 
review for thermoplasticity theory at finite strains can be found in Naghdi [19]. 

Investigation of the joint influence of the thermomechanical forces on the deformation process of materials is an 
actual problem of solid mechanics and is usually called the coupled problem of the thermoelasticity or thermoplasticity. In 
investigating the coupled thermoelasticity problems, Biot [20], Lord and Shulman [21], Youssef [22] introduced a 
generalized coupled theory with a wave-type heat equation. The coupled thermoplasticity problems are considered in [9, 
23-28]. The thermomechanical coupling problems, in which the mechanical response of the structure depends upon its 
thermal behavior and vice-versa is considered by Sloderback and Pajak [24]. Vaz Jr. et al. [25] modelled the coupled 
effects between ductile damage and temperature evolution. Thermomechanical coupled boundary value problems are 
solved by many [23, 26-29]. 

The strain space formulation for plasticity theory was proposed by Naghdi and Trapp [30], Casey and Naghdi 
[31], and they showed that the plastic strain rate is normal to the loading surface, whereas Yoder and Iwan [32] considered 
an alternative associated llow law using the so called a stress relaxation tensor d a p which is normal to the loading surface 
in strain space. Note that the stress relaxation tensor differs from the plastic strain de^ with the elasticity constants 
Cijki [32]. The acceptance of the stress relaxation tensor der? allows to derive more simple constitutive relations depending 
on plasticity functions £ = £(er p ) constructed on the base of the experimental deformation diagram. Note that, in case of 
classical stress space theories the plasticity functions are found based on the relation er = er(f p ). Nik Long et al. [33], in 
the framework of the strain space formulation of plasticity, proposed the plasticity constitutive relations for isotropic and 
transversely isotropic materials, and compared with those of the classical ones. The introduction of the stress relaxation 
tensor der p . allows researchers to note the symmetry of all scalars and tensor variables of the stress and strain spaces in the 
formulations of plasticity. Casey and Naghdi showed that the stress and strain space formulations of plasticity [34] are not 
equivalent. In [13, 36, 37] the strain space formulation were used for the construction of the plasticity and thermoplasticity 
constitutive relations for anisotropic materials. 

In the present work, the thermoplasticity constitutive relations are developed for isotropic and transversely 
isotropic materials, which are a generalization of the theory of plasticity considered in Nik Long et al. taking into account 
the temperature. The strain and stress space thermoplasticity constitutive relations for isotropic and transversely isotropic 
materials are constructed. For simplicity a small deformation is considered, and proposed that the elastic constants do not 
depend on temperature. It is shown that the strain space formulation is superior to the traditional stress space. 

In Section 2 using the alternative and classic associated flow laws of plasticity the strain and stress space 
thermoplastic constitutive relations for isotropic materials are discussed. Taking the loading functions in the Mises’s form 
and representing the hardening functions(thermoplastic surfaces), a comparison of the strain and stress space constitutive 
relations is carried out. In Sections 3 and 4, based on the alternative and classic associated flow laws considered in 
previous section and using the invariant theory of tensor functions, the strain and stress space thermoplasticity constitutive 
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2. ON THE PLASTICITY AND THERMOPLASTICITY CONSTITUTIVE RELATIONS 


Usually in the theory of plasticity the loading surfaces are considered in stress space. However, it is well known 
that the stress space plasticity theories lead to the unreliable results in the regions of material behavior such as those that 
correspond to the flat and falling portions of the typical engineering stress-strain curve for uniaxial tension of ductile 
metals [19]. In order to overcome these difficulties, Naghdi and Trapp [30] and Casey and Naghdi [31] proposed a strain- 
space plasticity theory, for which the loading surface is considered in the strain space, and the plastic strain is orthogonal to 
the loading surface. Yoder and Iwan [32], instead of plastic strain d£ kl , introduced the so called stress relaxation tensor 
which is obtained by multiplying the plastic strain to material coefficients C i]kl i. e. daf- — Cij ki d£ kl . According to 
Yoder and Iwan the stress relaxation tensor dcr? can be found from the alternative associated flow law 


dofj — dX^— 

l > SEjj 


(1) 


where dX is a positive differential parameter, F is a loading function in strain space. This is not contradict to the 
strain space formulation considered in Naghdi and Trapp [31]. The strain space formulation of plasticity based on the stress 
relaxation tensor allows them to construct a constitutive relations and loading criterions depending on strains and strain 
increments. Let the loading function in strain space, taking into account the temperature T be defined as 


F{£ij,T,a)) = 0, (2) 

where £y is a strain tensor. The loading function depends on plastic strain £?■ in a implicit form through the 
parameter 

oj = f £ijdafj, dafj = C ijkl d£ v kl . (3) 

As shown in Nik Long et al. [33] and Chen and Han [34] the parameter a> is symmetric to / = f tJijd£ v and it 
describes the work done during the plastic deformations in closed cycles on strain [38] and stresses [39]. Differentiate Eq. 
(2) and taking into account the expressions (3) and (1) yields 




dX = H{—d£ li +—dT\ 

\dEij l > dT ) 


Where 


H 


/ dF dF \ 1 
\du> £l > dEij) 


(4) 


(5) 


It is known that the constitutive relation for plasticity may be written in the form [32, 33] 

dctij C i j ki d £ k i dtjjj. (6) 

Substituting (1) into (6), and taking into account Eq.(4) and the thermoelastic deformations = aS ki dT we 

obtain 


d(Jij C l]kL (d£ kl 


aS kl dT ) — H 



(7) 


www.tjprc.ors 


SCOPUS Indexed Journal 


editor@tjprc. org 



470 


A. A. Khaldjigitov, Y. S. Yusupov, R. S. Khudazarov & D. A. Sagdullaeva 


where Cj ;fci — ^ijS k i + p.(S ik 8ji + 8 a Sj k '), /, // are I/ 1 n 1 e s constants, oc is a thermal expansion constant, +. is 
Kronecker’s delta and T is a temperature. The expression (7) presents the strain space thermoplasticity constitutive relation 
for isotropic materials and can be written in a general form as 

r Cij k i(ds k i — aS kl dT) at F< 0 elasticity 


dtJij — < 


C ijkl (d£ kl - aS kl dT ) - H (£^ds kl +^dr)^ 


f)F f)F 

at F — 0, dF — - de k , H- dT > 0 loading 

d£ ki dT & 


( 8 ) 


<Cijki(.d£ ki — a8 kl dT ) at F — 0, dF < 0 unloading 


For comparison the constitutive relations of classical thermoplasticity theory is also considered. It is well known 
that the total deformation may be presented as a sum of an elastic deformations, defj, plastic deformations, dsfj and 
thermal deformations, dejj[ 40], i. e. 


d£ij = defj + defj + defj 


(9) 


where def, — Cijf L d<j kl and deL = aS t jdT. The plastic deformation is defined from the associated flow law as 


[14, 40] 


dsf = dA, — at f(a u , T,x) = 0, df = —da kl + aj -dT > 0 

1 1 1 dfJj -■ 1 V l J J 1 drr,., KL flT 


df 


d<Tkl 


■£« 


( 10 ) 


where 

* = / °ijd£?j- 


( 11 ) 


Using the consistency condition i. e. differentiate equation T,x) = 0 and taking into account the expression 
(11) and the associated flow law (10), one obtains 






( 12 ) 


where 


h = 


(2i jy_\ 1 

\a x a V d * l .) ■ 


(13) 


3f 


Multiplying -- C mni j to (9) and using (12) we obtain an expression for the scalar parameter which is expressed 

do-mn J 


A i _ aJ mn Cmnl f dEl i d£ 0') + ar d7 ’ 

aA l ~ 1 , 3/ - 3/ 

/l daij ki 

Apply the Hooke’s law to Eq.(9) yields 
d(Jij — C ijk i (d£ ki — d /^ — d.£ ki '). 

Substituting (14) into (15) gives the constitutive relation for the classical thermoplasticity theory i. e.. 


(14) 


(15) 
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dffij — Cij kl (d£ kl a8 kl dT) Cij k i 


3 amn Cmnii ^ dEii 


‘ d£ i /) + % dT df 


-. df r 
h d cTij iJkld 


3/ 

a kl 


dcT k i 


(16) 


which may be rewritten in the following form 

r Cij k i(d£ kl — aS kl dT) at /< 0 elasticity 


Cijki(d£ k i aS kL dT ) C L 


ijkl ' 


dJ mn Cmnl i( iEl i d£ Ij'> + 3T dT df 


dffij — < 


1, 3/ r 3/ 

h d(?ij ijkldafci 


d°kl 


at / = 0, d/ = J—dff kL + J-dT > 0 loading 

OCTkl oT 


yCijki (d£ kl — aS kl dT ) at / = 0, df < 0 unloading 


(17) 


where f(ffij,T,x ) = 0 is the loading surface in stress space. For a detail comparison of the thermoplasticity 
constitutive relations for strain space (8) and stress space (17), the loading functions F(£ t j, T, w) and f(ffij,T,x) are 
chosen in a Mises’s form, respectively i. e. 


F = j e ij e ij ~R(ai,T) = 0 

00 

f = \s t jS tJ -K(x,T) = 0 

(19) 


where e L j and 5/ are deviators of the strain and stress tensors, R and K are hardening functions, a> and x are 
plasticity parameters defined by the expressions (3) and (11), respectively. Substituting expressions (18) and (19) into (7) 
and (16) gives, respectively, the thermoplasticity constitutive relation for strain space 

dF dF 

dffij = AddSij + 2pd£ij — (3f + 2p)a8ijdT — H (-— d£ kl +—dT)eij 

Z kl (20) 

at F = 0 and dF = —d£ kl + —dT > 0 

d£ k i dT 

where 


H = _ ( 2 ^ £ ") and £ “ = \ e V e V 

and the thermoplasticity constitutive relation for stress space 

dff u = Ad98 u + 2pd£ u — (3A + 2p.)aS u dT — 4 f Sl > Skd de kl 

’ > i > _ +4 ^ 

_ 2psij^ai ^ = Q and d f = 3f_ ds +?f_ dT > o 

dT 1 i as .. IJ dT 


where 


h = 




and 


v 2 _ 


~s s •• 


( 21 ) 


( 22 ) 


(23) 


The notations H and h depend on hardening functions R(co,T) and K(x,T) which are defined from the 
experimental stress-strain curves constructed at different temperatures. Note that a set of stress-strain curves at different 
temperatures makes up the deformation surface for temperature dependent materials (Figure 1). The hardening functions 
R(oj,T) and K(x,T) for strain space and stress space thermoplasticity theories, are obtained by generalizing the relations 
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£ = £(cr p ,7) and <r = (t(e v , T) constructed on the base of experimental stress-strain curves at different temperatures 
(Figure 2). Note that the construction of the hardening functions R(o)), K(x) for strain and stress space plasticity theories 
are demonstrated in Nik Long et al. If the experimental deformation surface is approximated by two piecewise planes 
(Figure 1), the hardening functions for the strain and stress spaces constitutive relations, respectively, take the forms 





Figure 1: Deformation Surface for Temperature Dependent 
and Stress a - a(e p , T )Space Theories 



Figure 2: Thermoplasticity Functions for Strain £ — s(a p , T) Materials 

R^.T)=^^+R° + (T-T 0 )P 

K(XJ) = 2 ^X + K° + (T-T 0 ) Y 


(24) 

(25) 


where ji' is tangent modulus, and /? = — and Y — are the inclination angles to the temperature axis OT in strain 
and stress spaces, respectively. Substituting Eqs. (24) and (25) into (20) and (22) gives the constitutive relations for strain 
and stress space thermoplasticity theories, respectively 


dcjj,- = AddSij + 2pd£ij — (3+ + 2p)aSijdT — , —^(e kl de kl )eij 

£ U 

j-eu—dT at F = 0 and dF = e kl de kl + —dT > 0 (26) 

£ 2 1] g T Ki Kl g T ) 

da t j = AddSij + 2pd£ij — (3 A + 2p)aSijdT — ^r(S kl de kl )Sij 

a u 

at / = 0 and df = S kl dS kl+ d ^dT> 0 (27) 
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The right hand side and the loading condition of (27) depend on the stress and strain deviators and temperature, 
whereas (26) depends only on strain tensor deviator and temperature. The dependence of the constitutive relations on strain 
tensors is convenience for formulation and numerical solution of the coupled thermoplasticity boundary value problems. 
It can be seen that the third term of the constitutive relations (26) and (27) are responsible for thermoelastic deformations, 
whereas the fifth is for thermoplastic deformations. 

3. STRAIN SPACE THERMOPLASTICITY COSTITUTIYE RELATIONS 
FOR TRANSVERSELY ISOTROPIC MATERIALS 


Mechanical properties of a large class of fiber reinforced, laminated composites and sedimentary rocks are 
markedly directional and may be considered as a transverse isotropy material. Let the axis 0X 3 coincides with a transverse 
isotropy axis. The transversely isotropic tensor is invariant under the group of transformations generated by rotations about 
0X 3 , symmetry with respect to a plane containing 0X 3 and symmetry with respect to a plane perpendicular to 0X 3 [4, 5]. 
The transversely isotropic strain tensors may be represented as a sum of four mutually orthogonal terms [4, 6] 

£ ij = “(<~ S i3 S j3 ) + £ 33<5i3<5/3 + Pij + Qij- (28) 

Note that the expansion (28) is similar to the expansion of the isotropic strain tensor to the spherical and deviator 
terms. In (28) £ 33 , 0 and p l; , t/ l; plays the role of a spherical and deviator terms for transversely isotropic tensors, 
respectively, and are defined by the following expressions 

Q 

Pij = £ ij + ~ C^£3<5/3 _ Sij) + £ 3 ?,S i3 S j3 _ ( £ i3<5/3 + £/3<5[3). 

<?i/ = £[3 < 5/3 + £/3 <5/3 — 2£ 33 5j 3 5 ; - 3 and S = £ X1 + £ 22 - 

Similarly, for the transversely isotropic stress tensor, the following expansion are valid 

Oij = 5{Sij - S i3 S j3 ) + a 33 S i3 S j3 + Pij + Qij (29) 

where 


Pij — a ij + m 3 S j3 Sij) + a 33 S i3 S j3 (a i3 Sj 3 + aj 3 S i3 ), 

Qij = <+3 < 5/3 + < 7/3 < 5/3 — 2a 33 S i3 S j3 and a — - . 

In (29), a, a 33 and P tj , Q tj play the role of the spherical and deviatoric terms for the transversely isotropic stress 
tensors, respectively. According to the orthogonal expansions (28) and (29), similar to the loading surface in case of 
isotropy (2), we may introduce two loading functions for transversely isotropic materials [6, 33] 

FpiPij’ T, a> p ) = 0 (31) 

FqiflijiT/COq) = 0 (32) 

where a> p — f p Lj dPf’ and co p — f q L jdQfj are the plasticity deformation parameters, Pf’ and Q f ’- are the stress 
relaxation tensors. Using Eqs.(31) and (32), from Eq.(l) we obtain 

dafj = dP* + dQfj (33) 

where 
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dPj’ — d/L —— at F v = 0 and 

l > P dPij V 

~ d F 

dQfj — dl a — - at F a — 0 and 

* lJ q dqij q 

dA p and dl q are the scalar differential parameters. In case of transversely isotropy, Eq.(7) takes the form 

~ d F ~ d F 

do i} Fijki^dEfci a kl dT) dA p — dA q — (34) 

opij o ifij 

where 

Cijkl — ^lYijYkl + +4 (.YikYjl + YilYjk) + ^3^i3^j3^k3^l3 + ^2^i3^j3^kl + ^k3^l3^ij) 

FA 5 fSuS k3 8j 3 + S i3 S l3 S k j + 8 ik 8 l3 8j 3 + 8ji8 k3 8 i3 ), 

Yij — &ij ~ d i3 Sj 3 , a kl — a l (fikl ~ d i3 8j 3 ) + a 3^i3^j3 

a lt a 3 are the thermal expansion constants, A lt A 2 , A 3 , A 4 and A 5 are the elastic constants for transversely isotropic 
material [6]. Using the consistency condition, and taking into account Eqs.(31—35), we obtain 



^-dpki + 
dPki Hkl 

3F q j 

' dqkl + 


— dT > 0, 

dT 

— dT > 0, 

dT 


,dFa 


dF a 


dAq = H v(jfr dqi j + if dT ) 


(36) 


where 


II — ( P y, al 'P \-1 II — _(T£SLn q \-i 


(37) 


Substituting expressions (35) and (36) into (34) gives the strain space thermoplasticity constitutive relations for 
transversely isotropic materials i. e. 

'Cijki (de k i — a kl dT) at F p < 0, F q < 0 elasticity 


dp ur ur 

Cijki(d£ kl - a kl dT) - H p (j^dp kl + -^dT)-^- 


d —dT) 

dT J dp k i 


,3F„ 


- Hq ^ d ^ + ^ dT K kl 


loading 


dcTij — < 


at F v = 0, ^JS- dp + ^S-dT > 0 

P dpki dT 


(38) 


at F a = 0, C+3- dq + -3-dT > 0 

q 3q k i dT 


CijkifdSki - a kidT) at F p = 0, F q = 0 

and dF p < 0 ,dF q < 0 unloading 


Expression (38) represents the strain space thermoplasticity constitutive relation for transversely isotropic 


materials. 
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4. STRESS SPACE THERMOPLASTICITY CONSTITUTIVE RELATION 
FOR TRANSVERSELY ISOTROPIC MATERIALS 


It is well known that the classical plasticity theories are based on the associated flow law (10) with loading 
functions considered in the stress space. According to the orthogonal expansion (29) for transversely isotopic tensors, we 
may consider two loading surfaces f p and f q for stress space thermoplasticity theories 

f v {Pij, T.Xp) = 0 , Xp = f Pijdpfj (40) 

f q (QJ,X q ) = 0,X q = fQijdqfj (41) 


where Pij,Qij are the stress tensors of the orthogonal expansion (29-30); Xp>X q are the plasticity parameters 
similar to (11), dpfj,dqf are the plastic deformations defined from the associated flow law (10). Using Eqs.(9) and (10) 
and taking into account consistency conditions, apply Hook’s law, and after some manipulations by analogy to (15), we 
can find the stress space thermoplasticity constitutive relation for transversely isotropic materials 


r Cijui(de k i — a kl dT) at f p <0, f q < 0; elasticity, 


Cijid (ds k i a kl dT ) C, 


dfp df p 

dP mn Cmnkldpkl+ 3T dT dfp 

1 i kl 1 . d fy r d h dp u 

k P apf'J kl dP k l 


dciij — < 


df q Bf q 

r dQffj Cmnkldqkl+ ~dT dT dfq 

ijkl J_ + f/q c dQkl 

h q d Qij ljkl 3Qkl 


at L = 0, df v = ^dPii + d -p-dT > 0 

J v J v g Pi j i J g T 


at f q = 0, df q = ^f-dQij + jfdT > 0; loading 


Cij k i(,de kl a kl dT) at f p 0, df p < 0, 

at f q = df q < 0; unloading 


(42) 


where 


h =-(^T-p.^-y 


^ hXq ^ 11 dQij 


(43) 


The right hand side of (38) depends on strain tensors ( TPij.qij ) and its increments (dp kl ,dq kl ,d £ kl )and 
temperature, whereas the right hand side of (42) depends on stress tensors (P l; , Q t f) and strain tensor increments 
( dp kl ,dq k i,d£ k i ) and temperature. Comparison of two constitutive relations shows that the dependence of(38) on strain 
tensor and its increments and temperature, allows to formulate the thermoplasticity boundary problems for displacements 
and temperature. Note that in case of stress space constitutive relation (42), the boundary value problem depends on stress 
tensor besides the strain tensor and temperature. It can be seen from the constitutive relations (38) and (43) that in loading 
case, that 


the first terms are responsible for the thermoelastic deformations, the second terms of the numerators of second 
and third terms for the thermoplastic deformations, whereas others for the plastic deformations. Note that the thermoplastic 
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terms in constitutive relations (38) and (42) describe the joint influence of the thermal and mechanical factors to the 
deformation process. Considering the aforementioned thermoplasticity constitutive relations for isotropic or transversely 
isotropic materials in conjunction with a motion equation and heat equations may be formulated a coupled 
thermomechanical boundary value problems with a corresponding initial and boundary conditions. Note that all equations 
of the coupled themoplasticity boundary value problem should be written for displacement and temperature increments. In 
[26], using the strain space thermoplasticity constitutive relation for isotropic materials (26) the dynamic one dimensional 
coupled thermoplasticity problem is numerically solved, and by comparison with the known results the validity of the 
applied constitutive relations is verified. If the thermal terms are neglected, Eqs. (38) and (42) give the strain and stress 
constitutive relations for plastic transversely isotropic materials [33]. 

5. CONCLUSIONS 

The thermoplastic constitutive relations for isotropic and transversely isotropic materials with a loading surfaces 
in stress and strain spaces are considered. In case of the strain space thermoplasticity theories, the alternative associated 
flow law are used, which is based on the stress relaxation tensor and states that the increment of the stress relaxation tensor 
is orthogonal to the loading surface considered in the strain space. We note that the value of the stress relaxation tensor is 
equal to the product of the plastic deformation by the elastic constants. Using the classical and alternative associated flow 
laws the stress and strain space thermoplasticity constitutive relations for transversely isotropic materials are constructed 
and compared. The formulation of the coupled thermoplasticity boundary value problems based on the stress and strain 
space constitutive relations are discussed. It is found that the strain space thermoplastic constitutive relations are more 
convenient for the formulation and numerical solution of the coupled thermoplasticity boundary value problems than in 
stress space thermoplasticity theories. 

6. ACKNOWLEDGMENTS 

This work was carried out in the framework of the research project BF4-012 “Mathematical and numerical models 
of plasticity of anisotropic bodies under simple and complex loading” and supported by the Ministry of Innovative 
Development of Uzbekistan. 

REFERENCES 

1. Aboudi, J. The ejfective thermomechanical behavior of inelastic fiber-reinforced materials. Int. J. Engng. Sci.,23(7), 773-787 
(1985). 

2. Hill, R. The Mathematical Theory of Plasticity, Oxford University Press, New York (1950). 

3. Dvorak, G. J. and Bahei-EL-Din, Y. A. Plasticity analysis offibrous composites, J. Appl. Mech., 49, 327-335 (1982). 

4. Boehler, J. R. and Sawczuk, A. Applicaton of representation theorems to describe yielding of transvesele isotropic solids, 
Mech. Res. Comm., 3 (1976). 

5. Murakami, S. and Sawczuk, A. A unified approach to constitutive equations of inelasticity based on tensor function 
representations, Nucl. Eng. and Des., 65, 33-47 (1981). 

6. Pobedria, B. E. Mechanics of composite materials, Moscow State University Press, Moscow (1984), 336 p. 


Impact Factor (JCC): 7.6197 


SCOPUS Indexed Journal 


NAAS Rating: 3.11 


On the Thermoplasticity Constitutive Relations for Isoptopic 
and Transversely Isotropic Materials 


477 


7. Perzyna, P. Constitutive equations for thermoplasticity and instability phenomena in thermodynamic flow processes. In: Stein, 
E. Ed. Progress in computational analysis ofinelastic structures. CISM courss and lectures- 321, vol.l, Springer-Verlag, 1-78 
(1993). 

8. Kawai, M., Kazama, T. and Masuko, Y. Stress reiaxation behavior of unidirectional carbon/epoxy composites at elevated 
temperature and analysis using viscoplasticity model. JSME International Joumal Series A, 47(1), 8-16 (2004). 

9. Canadija, M. and Brnik, J. Associative coupled thrmoelasticity at finite strain with temperature-dependent material 
parameters. Int. J. Plasticity, 20, 1851-1874 (2004). 

10. Hueckel, T., Peano, A. and Pellegrini, R. A thermo-plastic constitutive law for brittle-plastic behavior of rocks at high 
temperatures, PAGEOPH, 143(1), 483-511 (1994). 

11. Bertram, A. and Krawitietz, A. On the introduction ofthermoplasticity, Acta Mech., 223, 2257-2268 (2012). 

12. Khaldzigitov, A. A. On constitutive relations for transversely isotropic materials. Applied Mechanics, 29(5), 40-47 (1993). 

13. Khaldjigitov, A. A. The theory of plasticity and thermoplasticity for anisotropic materials, Fan and Technology Press, 
Tashkent (2015) (in Russian) 

14. Green, A. E. and Naghdi, P. M. A general theory ofan elastic-plastic continuum. Arch. Rat. Mech. Analysis, 16 (1969). 

15. Casey, J. On elastic-thermo-plastic matrials atfinite deformations. Int. J. Plasticity, 14, 85-95 (1998). 

16. Miehe, C. A theory of large-strain isotropic thermoplasticity based on metric transformation tensors, Arch. Appl. Mech., 66(4), 
45-64 (1995). 

17. Ulz, M. H. A Green-Naghdi approarch to finite anisotropic rate-independent and rate dependent thermo-plasticity in 
logarithmic Lagrangean strain-entropy space, Comput. Methods Appl. Mech. Engrg., 198, 3262-3277 (2009). 

18. Khennane A. and Baker, G. Thennoplasticity modelfor concrete under transient temperature and biaxial stress. Proceedings: 
Math. Phys. Sci., 439, 59-80 (1992). 

19. Naghdi, P. M. A Critical Review of the State of Finite Plasticity. Journal of Applied Mathematics and Physics(ZAMP), 41, 
315-394 (1990). 

20. Biot, M. A. Thermoelasticity and irreversible thermo-dynamics. J. Appl. Phys., 27, 240-253 (1956). 

21. Lord, H. W. and Shulman, Y. A generalized dynamical theory of thermoplasticity. J. Mech. Phys. Solids, 15, 299-309 (1967). 

22. Youssef, H. M. Theory oftwo-temperature-generalized thermoelasticity. IMA J. Appl. Math., 71, 383-390 (2006). 

23. Stainier, L. and Ortiz, M. Study and validation ofa variational theory of thermo-mechanical coupling infinite visco-plasticity. 
lnt. J. Solids Struct., 47, 705-715 (2010). 

24. Sloderbach, Z. and Pajak, J. Generalized coupled thermoplasticity taking into accounl large strains: Part I. Conditions of 
uniqueness ofthe solution of boundaiy-value problem and bifurcation criteria. Math. and Mech. Solids, 15, 308-327 (2010). 

25. Alkahtanv, L. A. Space Designfor Hyperactivity and Distracted Attention (Methodology of Sustainable Materials Use). 

26. Vaz Jr., M., Munoz-Rojas, B. A. and Lange, M. N. Damage evolution and thermal coupled effects in inelastic solids. Int. J. 
Mech. Sciences, 53, 387-398 (2011). 

27. Yusupov, Y. and Klialdjigitov, A. A. Mathematical and numerical modeling of the coupled dynamic thermoplastic problem. 
Universal Journal of Computational Mathematics, 5(2), 34-43 (2017). 


www.tjprc.ors 


SCOPUS Indexed Journal 


editor@tjprc. org 



478 


A. A. Khaldjigitov, Y. S. Yusupov, R. S. Khudazarov & D. A. Sagdullaeva 


28. Khaldjigitov, A. A., Qalandarov, A. A, Yusupov, Y. S. and Sagdullaeva, D. A. Numerical modelling of the 1D thermoplastic 
coupled problemfor isotropic materials. Acta TUIT, 1, (2013). 

29. Simo, J. C. and Miehe, C. Associative coupled thermoplasticity at finite strains: Formulation, numerical analysis and 
implementation. ComputerMeth. inAppl. Mech. andEng., 98(1), 41-104 (1992). 

30. Naghdi, P. M. and Trapp, J. A. The significance of formulating plasticity theory with reference to loading surface in strain 
space, Int. J. Eng. Sci., 113, 785-797(1975). 

31. Casey, J. and Naghdi, P. M. On the characterization of strain-hardening in plasticity. J. Appl. Mech., ASME, 48(2), 285-296 
(1981). 

32. Yoder, P. J. and Iwan, W. D. On the fonnulation of strain-space plasticity with multiple loading sutfaces. J. Appl. Mech., 
48(4), 773-778(1981). 

33. Nik Long, N. M. A., Khaldjigitov, A. A. and Adambaev, U. On the constitutive relations for isotropic and transversely isotropic 
materials. Applied Mathematical Modelling, 37, 7726-7740 (2013). 

34. Chen, W. F. and Han, D. J. Plasticity for structural Engineeries, Springer Verlag, New York(1988), 415p. 

35. Casey, J. and Naghdi, P. M. On the nonequivalence ofthe stress space and strain space formulations of plasticity theory. J. 
Appl. Mech., ASME, 50(2), 350-354 (1983). 

36. Wung, C. J. and Dvorak, C. J. Strain-space plasticity analysis offibrous composites. Int. J. Plasticity, 1, 125-139 (1985). 

37. Prasolov, P. P. A strain-based relaxation theoiy of plasticity for anisotropic metals. Acta Mech., 122, 65-74 (1997). 

38. Ilyushin, A. A. On the postulate of plasticity. Appl. Math. Mech, 25,746-752 (1961). 

39. Ali, A. A. M., Negm, A., Bady, M., & Gamal, M. (2014). Towards An Integrated Tool To Estimate Carbon Emissions From Life 
Cycle Assessment Of Building Materials ln Egypt. IMPACT: 1JRET, 2(3), 81-92. 

40. Drucker, D. On the postulate of plasticity ofmaterial in the mechanics of contininuum. J. Mechanics, 3, 235-239 (1964). 

41. D. Kolarov, A. Baltov and A. Boncheva Mechanics ofplastic media. Moscow, Mir, p.302, 1979. 


Impact Factor (JCC): 7.6197 


SCOPUS Indexed Journal 


NAAS Rating: 3.11 


